From DNA-DNA hybridization and guanine-plus-cytosine (G+C) contents of DNA in 46 strains of yeast-lysing bacteria isolated in Brazil, 15, 28 and 2 strains formed clusters with Japanese isolates YLM-32, YLM-115 and Rarobacter faecitabidus YLM-1T, respectively. The YLM-115 group had lysine as diamino acid in the cell wall peptidoglycan, and they remained unclassified. Rarobacter incanus, sp. nov., was proposed for the YLM-32 group strains. Their G + C contents of DNA were 64.6-65.5 mol%, which were slightly lower than those of R. faecitabidus. The amino acid composition of cell wall peptidoglycan of R. incanus was D-Ala, L-Ala, D-Glu and L-Orn (1:1: 2: 1), which closely resembled R.
GOTO-
Isolation of yeast-lysing bacteria and used microorganisms. Yeast-lysing bacteria were isolated according to the methods used in a previous paper (13) with some modifications. Samples (soils, flowers, fermented foods and others) were mixed or suspended in distilled water. They were then either mixed in soft agar-yeast plates containing 5.74g of K2HPO4, 1.15 g of NH4H2PO4, 0.205 g of MgSO4.7H2O, 1010 viable cells of Saccharomyces cerevisiae K-701 and 7 g of agar per liter, or they were streaked on agar-yeast plates containing 15 g of agar per liter and the same ingredients as soft agar-yeast plates. They were incubated at 30°C for 3-10 days, and plaque-forming colonies were isolated. Strains isolated in Amazonas state and those in Sao Paulo state, Brazil, were designated with YA and YB numbers, respectively.
Unidentified yeast-lysing bacteria isolated in Japan and designated with YLM numbers (13) , which showed the same morphological and cultural characteristics and yeast-lysing activities as Rarobacter faecitabidus, were also used for identification and classification.
R. faecitabidus YLM-1T (T, type strain), unidentified YLM, YA and YB strains which required heme for aerobic growth were maintained on TYMC agar containing 5.0 g of trypticase peptone (BBL, Becton Dickinson Microbiology Systems, Cockeysville, Maryland, U.S.A. ), 3.0 g of yeast extract (Difco Lab., Detroit, Michigan, U.S.A.), 3.O g of malt extract (Difco), 5.8 g of K2HPO4, 1.15 g of MgSO4.7H2O, 0.12g of catalase C-10 (Sigma, St. Louis, Missouri, U.S.A.) per liter. The other strains which did not require heme for growth and reference strains, Curtobacterium citreum JCM 1345T, Aureobacterium testaceum JCM 1353T, Cellulomonas fimi JCM 1341T, Cellulomonas flavigena JCM 1489T, Oerskovia turbata JCM 3160T, Oerskovia xanthineolytica JCM 3164T and Pseudomonas aeruginosa KS 0025T (ATCC 10145T) were maintained on nutrient agar (Nissui Seiyaku, Tokyo, Japan).
Agglutinating and lytic activity for yeast. Agglutinating activity for yeast cells was tested with Saccharomyces cerevisiae K-701 and Rhodotorula rubra IFO 0870. Five hundred microliters of yeast cell suspension, A 660 = 0.5, in 0.1 M phosphate buffer containing 500 mg/l of NaN3, pH 7.2, was added into a microplate well, and one platinum loop of bacterial cell was mixed in it. After shaking for 5 min and letting it stand for 10 min, the agglutination reaction was graded.
Yeast-lysing activity in a solid medium was tested in soft agar-yeast plates containing S. cerevisiae K-701 or Rhodotorula rubra IFO 0870. Bacterial cells were mixed with the media, and they were incubated at 30°C for 3-10 days.
Phenotypic and chemotaxonomic characteristics. Morphological, cultural, physiological and biochemical characteristics, guanine-plus-cytosine (G + C) con-tents of DNA, amino acid composition of cell wall peptidoglycan, major isoprenoid quinone and cellular fatty acid composition were examined as described previously (14) . Cells for chemotaxonomic analysis were cultured in TYMC broth on a rotary shaker at 30°C for 2 days. Anaerobically grown cells were cultured in GAM bouillon broth (Nissui) supplemented with 2 g/l of NaHCO3, pH 8.0, with Anaeromate and a C02-releasing agent (Nissui), without shaking, at 30°C for 2 days. Heme requirement was tested on TYM agar, which contained the same ingredients as TYMC agar but without catalase. Catalase activity was tested using cells grown on sheep-blood agar (Nissui) and TYM hemin agar, which contained l0~eg/ml of hemin and the same ingredients as TYM agar. For DNA-DNA hybridization, DNA of YLM-32, YLM-115 and R. faecitabidus YLM-1T was labeled with 3H or 32P using the nick translation method . Some hybridizations were tested by dot blot analysis using an ECL gene detection system (Amersham International, Buckinghamshire, U. K.).
Metabolic products from glucose. R. faecitabidus YLM-1T, and the isolates YLM-32 and YLM-115 were cultured in a medium containing 5 g of malt extract, 5 g of yeast extract, 10 g of glucose, 5.74 g of K2HPO4i 0.205 g of MgSO4 7H20 and 1.15 g of NH4H2PO4 per liter, aerobically with shaking or anaerobically using Anaeromate and a C02-releasing agent without shaking at 30°C for 2 days. Sixty mg/l of catalase was added for aerobic culture, and 2 g/l of NaHCO3 was added for anaerobic culture. Concentrations of organic acids were determined with an organic acid analyzer, Shodex LC ST3 (Showa Denko, Tokyo, Japan), and concentration of ethanol was determined with gas chromatography using acetone as an internal standard.
RESULTS

Isolation of yeast-lysing bacteria and their phenotypic characteristics
Fifty strains of yeast-lysing bacteria were isolated from 271 samples in Brazil, all of which were Gram positive and grew on TYMC agar aerobically. Out of the 50 strains, 46 strains (except YA-3, YA-4, YA-5 and YA-16) required catalase for aerobic growth and anaerobically grew on nutrient agar. The 46 strains, being rod shaped, agglutinated with S. cerevisiae and lysed viable cells of it also in the liquid medium. But the 46 strains did not lyse autoclaved S. cerevisiae or viable cells of Rhodotorula rubra on the solid medium. Their oxidase activities were positive, and the results of OF test were fermentative. These characteristics are the same as those of Rarobacter faecitabidus. Catalase activities of 31 strains were positive, and those of the other 15 strains, which were the YLM-32 group mentioned below, were negative.
The other 4 strains (YA-3, YA-4, YA-5 and YA-16) did not require catalase for aerobic growth. Judging from their phenotypic and chemotaxonomic characteristics, YA-4, and YA-5 and YA-16 might be identified as Arthrobacter sp., and Oersokovia sp., respectively. YA-3 remained unidentified. G +C contents of DNA and DNA-DNA hybridization Table 1 shows G + C contents of DNA and DNA-DNA relatedness of unidentified YLM strains. Six out of 9 strains showed over 60% relatedness with R.
faecitabidus YLM-1T, and YLM-26 showed less than 35% relatedness with all of the probe strains tested. YLM-32 and YLM-115 were shown to be independent from R. faecitabidus, YLM-26 and each other. Table 2 shows G + C contents and DNA-DNA relatedness of the 46 YA and YB strains. Out of the 46 strains, 2, 15 and 28 strains showed more than 50% relatedness with R. faecitabidus YLM-1T, the isolates YLM-32 and YLM-115, respectively. YB-12 showed less than 34% relatedness with all of the tested probe DNA. None of the tested strains showed more than 30% relatedness with YLM-26.
Thus, DNA-DNA hybridization showed that the 16 strains including YLM-32 (YLM-32 group) and 29 strains including YLM-115 (YLM-115 group) made separate and distinct clusters independent from that of R. faecitabidus. G + C contents of DNA in the YLM-32 group were 64.1-65.5 mot%, and those of the YLM-115 group were 66.7-69.Omo1%. G+C contents of 8 strains with high DNA-DNA relatedness to R. faecitabidus YLM-1T were 65.2-67.2 mol%, which agreed rather closely with R. faecitabidus (65.7-66.1 mol%).
Further phenotypic and chemotaxonomic characteristics were tested using 4 
Morphological characteristics
Cells of all the tested strains were irregular rods, and V-forms were observed ( Fig. 1 ). Cells were motile and had multitrichous flagella (Fig. 2) . No spores were observed.
Cultural characteristics Colonies grown aerobically on TYMC agar were about 1-2 mm in diameter, pale grayish cream (YLM-32, YA-6, YA-21, YB-i, YB-6, YB-12, YB-16, YB-17 and YB-2 i ), lemon yellow (YLM-115) or cream (YA-8, YA-25, YB-l0 and YB-15) in color, opaque, circular, convex, entire and smooth. Anaerobic growth was weaker than the aerobic growth.
Physiological and biochemical characteristics YLM-32 group and YB-12 grew at 20-39°C. YB-16, YB-i 7, YB-6 and YB-15 grew at 15-39°C. YA-8, YA-25, YB-1 and YB-10 grew at i5-37°C. YLM-115 grew at 20-37°C. None of them grew at 41°C. The tested strains grew at pH 6-9 but did not grow below pH 5 or above pH 10. All the tested strains grew in the presence of 3% (wt/vol) NaCI but none of them grew in 5% (wt/vol) NaCI. Nitrate reduction and denitrification of all the tested strains were negative. Ammonium sulfate was used as a source of inorganic nitrogen but not potassium nitrate. All the tested strains produced acid from D-glucose, D-fructose, D-mannose, maltose, dextrin, arbutin and salicin, but none of them produced acid from L-arabinose, D-xylose, L-rhamnose, D-galactose, L-sorbose, trehalose, raffinose, inulin, glycerol, erythritol, adonitol, mannitol, dulcitol, D-sorbitol, or a-methyl-D-glucoside. The tested strains, with the exception of YLM-115, did not produce acid from lactose. The tested strains, with the exception of YA-6, produced acid from cellobiose. None of the tested strains produced gas from glucose. Table 3 shows the organic acids and ethanol produced by YLM-32, YLM-115, R. faecitabidus YLM-1T, and the reference strains from glucose in the aerobic and the anaerobic conditions. None of the tested strains assimilated the following 22 organic acids: acetic acid, pyruvic acid, D-lactic acid, L-lactic acid, malic acid, succinic acid, fumaric acid, 2-oxoglutaric acid, citric acid, formic acid, n-propionic acid, n-butyric acid, oxalic acid, malonic acid, glutaric acid, adipic acid, pimelic acid, glycolic acid, glyoxylic acid, gluconic acid, hippuric acid and uric acid. All the tested strains hydrolyzed starch, casein and gelatin, but none of them hydrolyzed cellulose or carboxy methyl cellulose. None of the tested strains produced acetoin or indole. The YLM-115 group and YA-6 produced hydrogen sulfide, but the other strains did not. Reactions of extracellular DNase and urease were negative, and that of oxidase was positive for all the tested strains. Catalase reactions of the YLM-32 group and YB-12 were negative, but those of the other strains were positive.
Chemotaxonomic characteristics
The cellular fatty acid composition of aerobically grown cells of YLM-32 and YLM-115 with saturated iso-or anteiso-methyl-branched chain were essentially the same as R. faecitabidus. Anaerobically grown cells of R. faecitabidus YLM-1T and the isolates YLM-32 and YLM-115 contained straight-chain C1S:1 acid (Table 4) . The amino acid composition of cell wall peptidoglycan and the major isoprenoid quinone of the tested strains are shown in Table 5 Two strains, YB-16 and YB-17, showed 50-60% homology of DNA with R. faecitabidus YLM-1T. DNA-DNA relatedness of one strain was proposed to be over 60% (2) or over 70% (10) . However, phenotypic characteristics, menaquinone and amino acid composition of cell wall peptidoglycan of the 2 strains were the same as for R, faecitabidus. Judging from these results, YB-16 and YB-17 were identified as R, faecitabidus. C. fimi was used as the negative control in this hybridization, which may be the reason for the rather low relatedness.
The characteristics of the YLM-32 group (4 strains) agreed well with those of the genus Rarobacter. Cell wall peptidoglycan of the YLM-32 group contained ornithine as a diamino acid, as does R. faecitabidus, but it did not contain serine. Menaquinone system, cellular fatty acids, and phenotypic characteristics(except for catalase activity) were the same as for R. faecitabidus. The amino acid composition of cell wall peptidoglycan and DNA-DNA hybridization revealed that the YLM-32 group should be classified as a different species from R. faecitabidus. We propose a new species, Rarobacter incanus, for the tested 4 strains of the YLM-32 group.
The new species was distinguishable from R. faecitabidus by amino acid composition of cell wall peptidoglycan, G + C contents of DNA and catalase activity. Catalase activities of all of the strains of the YLM-32 group were negative. On the other hand, the YLM-115 group (7 strains) had lysine in place of ornithine as a diamino acid in the cell wall peptidoglycan, which indicated that they should not be identified as genus Rarobacter, because cell wall amino acid composition was regarded as an important taxonomic criterion of Gram-positive bacteria at the generic level (3, 4) . Cell wail peptidoglycan group and menaquinone system of the YLM-115 group were found to be the same as Arthrobacter (9) . However, the species of Arthrobacter are obligatory aerobic, show a rod-coccus growth cycle, and produce little or no acids from glucose and other sugars (3 ), which were different from the characteristics of the YLM-115 group. Thus, there is no reported genus to which YLM-115 group should be identified, and they remained unclassified. We are currently examining the phylogenetic relationships of the YLM-115 group and related bacteria.
Two independent strains, YLM-26 and YB-12, had different amino acid components of peptidoglycan and menaquinone systems from the 2 species of Rarobacter and the YLM-115 group. These 2 strains remained unclassified, because we do not have other strains with comparable characteristics with which to compare them.
Description of Rarobacter incanus sp. nov.: In addition to the characteristics given for the genus, the characteristics of Rarobacter incanus (in.ca'nus L. masc. adj. incanus, grayish white) are as follows. Facultative anaerobic. Hemin or hemoproteins are required as growth factors under aerobic condition. Carbon dioxide but not hemin or hemoproteins are required for anaerobic growth. Colonies on nutrient-catalase agar are pale grayish cream, opaque, circular, convex, entire and smooth. Acid is produced aerobically and anaerobically from D-glucose, D-fructose, D-mannose, maltose, dextrin, arbutin and salicin, but not from Larabinose, L-rhamnose, D-galactose, L-sorbose, lactose, trehalose, raffinose, inulin, glycerol, erythritol, adonitol, mannitol, dulcitol, D-sorbitol, or a-methyl-Dglucoside. The type strain does not produce hydrogen sulfide, and produces acid from cellobiose; however, some strains produce hydrogen sulfide, and do not produce acid from cellobiose. DNase, urease and catalase were negative. DNA base composition is 64.6-65.5 mol% G + C (determined by the high-performance liquid chromatography (HPLC) method). Amino acid composition of cell wall peptidoglycan is D-Ala : L-Ala : D-Glu : L-Orn (1:1: 2: 1). The bacterial cells adhere to viable yeast cells of the genera Saccharomyces and Hansenula, agglutinate with them, and lyse them. Type strain is YLM-32 (JCM 6350). DNA base composition of the type strain is 65.2 mol % G + C. The other description of the type strain is the same as that of the species R. incanus.
